The F1F0 ATP synthases from wild-type Bacillus subtilis and an uncoupler-resistant mutant have comparable subunit structures. In accord with an earlier hypothesis, ATP hydrolysis and ATP-P, exchange by the two synthases were equally stimulated and inhibited by protonophores, respectively, when reconstituted alone in either wild-type or mutant lipids.
It is surprising that little is known regarding the biochemistry of the Bacillus subtilis F1FO ATP synthase, given the advanced state of genetic and molecular manipulability of this major object of study among gram-positive bacteria. Our group's interest in the ATP synthase from B. subtilis stems in part from ongoing investigations of the mechanism of uncoupler resistance in mutants of B. subtilis (4, 9) . Starved whole cells (4) or ADP-plus Pi-loaded vesicles (5) of these mutants retained a greater capacity for ATP synthesis than the wild-type parent as the electrochemical proton gradient (Ap) was titrated downward by protonophoric or other uncouplers, although the uncoupling agents were no less effective in abolishing the gradients than in the wild type. This pattern distinguishes this category of mutants from those whose resistance is based on relatively recently and intensively studied pumps that extrude some hydrophobic drugs (12) . The protonophore-resistant B. subtilis mutants were, moreover, the apparent result of single mutations (4) that had caused a loss of desaturase activity (1) . They had characteristic membrane lipid changes, i.e., higher ratios of saturated to unsaturated fatty acids in their membrane phospholipids (9) . Revertants regained the wild-type lipid pattern, desaturase activity, and protonophore sensitivity, and a temperature-sensitive revertant exhibited temperaturesensitive desaturase activity (1). More recently, several knockout mutations that were created by transpositional insertions and led to modest protonophore resistance were similarly shown to be correlated with increases in the ratio of saturated to unsaturated fatty acids in the membrane phospholipids (15) .
The goals of the current work were to isolate and charac- (18) with 0.1% yeast extract, the required amino acids at 100 ,ug/ml, and 50 mM sodium DL-malate as the energy source. AG2A was routinely checked for its protonophore resistance on agar plates in Spizizen salts medium containing 5 ,M CCCP. Membrane vesicles were prepared as described previously (6) , and parallel preparations of the ATP synthase were made by an approach used for an alkaliphilic Bacillus strain (8) . The membrane vesicles were suspended in 20% glycerol-50 mM Tricine-KOH (pH 8)-5 mM MgCl2-5 mM p-aminobenzamidine-0.1 mM phenylmethylsulfonyl fluoride to about 10 mg of protein per ml. Ammonium sulfate, sodium cholate, octylglucoside, and asolectin were added from stock solutions to final concentrations of 10% (vol/vol) saturation, 0.5%, 50 mM, and 3 mg/ml, respectively. After extraction and centrifugation, the supernatant was subjected to ammonium sulfate fractionation. The fraction containing most of the ATPase activity, assayed as described previously (11), was suspended in 50 mM Tricine-KOH (pH 8)-5 mM MgCl-1 mM dithiothreitol to about 20 mg/ml; 0.5-to 0.75-ml portions was loaded onto 10 to 40% sucrose gradients and centrifuged for 22 to 24 h in an SW41 rotor at 4°C (35,000 rpm, 210,000 X gm.). The sucrose gradient solutions contained 30 mM octylglucoside, 50 mM Tricine-KOH (pH 8), 5 mM MgCl2, 1 mM dithiothreitol, 2 mg of asolectin per ml, 1 mM p-aminobenzamidine, and 0.1 mM phenylmethylsulfonyl fluoride. Fractions of 0.7 ml, collected from the top with a Buchler auto-densi-flow apparatus, were analyzed for protein content (13) and ATPase activity. The yield of ATPase activity in pooled peak fractions averaged about 18%, and the preparation had a specific ATPase activity (octylglucoside stimulated) of 8 to 12 ,umol of Pi min-' mg-' for both the wild type and the mutant. The enrichment, as judged by the specific ATPase activity, was a relatively modest 5-fold, but the specific ATP-P1 exchange activity of the reconstituted, sucrose gradient-purified enzyme ( [32P]ATP synthesized min-' mg of protein-') was more than 20-fold that of everted membrane vesicles (0.1 to 0.2 nmol of
[32P]ATP min-1 mg of protein-1). The ATPase activity of both preparations of F1FO exhibited the same cation dependence and activation properties as observed in other Bacillus preparations (7, 8) , i.e., very low Mg2+-dependent activity that was stimulated to various degrees by sulfite anion, methanol, or octylglucoside. The combination of methanol and sulfite or of octylglucoside and sulfite gave the greatest stimulation, over 50-fold. The Ca2+-dependent ATPase activit1y was more than 10-fold higher than the unstimulated Mg +-dependent ATPase activity but was considerably lower than the optimally stimulated Mg"k-dependent activity (data not shown).
The polypeptide compositions of the B. subtilis F1FO preparations were analyzed on 12% T polyacrylamide gels in the Tricine buffer formulation of Schagger and von Jagow (17) . The purest fractions were the proteoliposomes prepared from sucrose gradient-purified F1FO, which are shown in lanes 2 and 3 of the silver-stained gel in Fig. 1A supported by fractionation after thiocyanate (2) and NaBr (3) treatments, which enriched the Fo subunits (Fig. 1B) (8) . Quenching of 9-amino-6-chloro-2-methoxyacridine (ACMA) fluorescence, indicative of the formation of a transmembrane pH gradient (acid interior) was observed upon ATP addition in the presence of Mg2+, and the quenching was abolished by the inclusion of CCCP in the reaction mixture or by preincubation of the vesicles with DCCD. Results obtained with proteoliposomes containing the ATP synthase from the mutant strain are shown in Fig. 3 ; the enzyme from the wild type gave identical results (data not shown). Na+ did not affect the H+-translocating activity of the proteoliposomes (Fig. 3) , in contrast to results for the Na+(H+)-translocating ATPase from Propionigenium modestum, in which Na+ abolished H+ transport (10) . Similar results indicating the lack of an Na+ effect on H+ pumping were also obtained when reconstitution was carried out with the native lipids from the mutant strain (data not shown).
The energy-linked activities of the FIFO from the wild type and the mutant AG2A were then examined upon reconstitution in phospholipids that were purified from the wild-type or AG2A strain by established procedures (20) . Lipid analysis indicated that these lipid preparations were similar to those obtained in an earlier study (4 
